Aim: Research on the adverse effects of Internet use has gained importance recently. However, there is currently insufficient data on Japanese young adults' Internet use, so we conducted a survey targeting Japanese university students to research problematic Internet use (PIU). We also investigated the relationship between PIU and multiple psychiatric symptoms.
T HE GROWTH OF the Internet has greatly changed our lifestyle, and it has become an essential part of our daily life. The number of Internet users continues to increase around the world, and 81% of people in developed countries have access to the Internet. 1 Along with the prevalent use of the Internet, research on the adverse effects of Internet use has been gaining attention recently. Ivan Goldberg proposed the term 'Internet addictive disorder' for the first time in 1995 to describe impulse control problems connected to using the Internet. 2 A few years later, Young created the Internet Dependency Scale, 3 and thereafter research on the adverse effects of using the Internet gained prominence around the world. Young explained that 'Internet addicts demonstrate a loss of impulse control where life has become unmanageable for the online user. Despite their problems, the addict cannot give up the Internet' (p. 241). 4 However, there is no consistent definition for Internet addiction. 5 Problematic Internet use (PIU) is a multidimensional syndrome consisting of cognitive and behavioral symptoms that result in negative social, academic, and professional consequences. [6] [7] [8] [9] [10] [11] Beard and Wolf used the term 'PIU,' describing the condition as 'use of the Internet that creates psychological, social, school, and/or work difficulties in a person's life' (p. 378). 12 We use the term PIU throughout the article as it is a broad term that includes Internet addiction. 12 So far, there have been many epidemiological studies of PIU involving junior and high school students. According to a review by Spada, the prevalence of PIU varies depending on the targeted population. Regarding regional differences, prevalence of PIU was 1.0-9.0% in European adolescents, 1.0-12.0% in Middle Eastern adolescents, and 2.0-18.0% in Asian adolescents. 13 In Japan, Morioka et al.
14 carried out a large epidemiological survey. They reported that the penetration rate of PIU was 8.1% among junior and high school students. In addition, PIU was found even more often in young adults, such as university students. For example, the prevalence was 36.9% in Malaysian medical students, 15 16 .8% in American medical students, 16 25.1% in American public university students, 17 40.7% in Iranian university students, 18 and 63.5% in Japanese university students. 19 The fact that the definition of PIU varies across studies is of note. The majority of the studies utilized the IAT as a measurement method, but others utilized the Young Diagnostic Questionnaire, 3 the Chen Internet Addiction Scale, 20 and others. The cut-off score also varies across studies. IAT scores of 40 or higher and of 50 or higher are both frequently used to define PIU. The Chen Internet Addiction Scale is often used in Chinese studies, wherein 57/58 is used as the cut-off score for screening, while 63/64 is used for diagnoses. 21 Some reports have also investigated the relation between PIU and psychiatric diseases. PIU is reported to be connected to attention-deficit hyperactivity disorder (ADHD), 22 depression, 23, 24 anxiety, 25 obsessive-compulsive disorder, 26 personality disorder, 27 ASD traits, 28 sleep disorders, 16, 29 and longtime use of the Internet each day. 30 A review article by Carli et al. 31 on 20 separate studies reported that 75% of those studies found significant associations between PIU and depression, 57% connected PIU and anxiety disorders, 100% connected PIU and ADHD tendencies, and 66% connected PIU and hostility and aggression.
Although many publications that address PIU are from Asian countries, 31, 32 Japanese studies are relatively few. According to a review of Internet addiction among youth in Japan, there were 11 publications as of 2014 in which no Englishlanguage papers were reported. 33 Following this review, some new studies by Tateno et al., 19 Hirao, 34 Morioka et al., 14, 34 and So et al. 28 were reported. The previous studies, except So et al. 28 and Tateno et al., 19 lacked data regarding the relation between PIU and psychiatric diseases. As data regarding Japanese young adults is still insufficient, and there is a lack of studies that track the relation between PIU and multiple psychiatric symptoms in this specific population, we decided to conduct a survey targeting Japanese university students. We believe that the data from this study will add meaningful information to the field.
METHODS
Five universities participated in this study. The total number of students at these universities ranged from approximately 1000 to 30 000. The subjects studied sociology, Shinto religion, medical technology, physical therapy, or nursing at the participating universities. This study was a paper-based survey where respondents were asked to fill out self-report scales. Participants gave their consent by anonymously filling out the survey questionnaire after a written and verbal explanation of the study from the researchers. This survey was given only to students who were eager to participate in this research, but the explanation was given to all attendees after classes. Therefore, as the number of students who heard the explanation was not counted, we could not calculate the response rate of the survey. The target classes were arbitrarily chosen from classes listed in regular school schedules. The survey took place between January 2015 and November 2015. This study was approved by the Institutional Review Board of Keio University School of Medicine. This study was conducted according to the principles of the Declaration of Helsinki.
Outcome measures
Participants responded to questions about their age, sex, and weekday and weekend Internet usage time, and then completed five established measures focused on specific diseases and/or symptomatic conditions as follows: Internet Addiction Test (IAT), 3 Pittsburgh Sleep Quality Index (PSQI), 35 Center for Epidemiologic Studies Depression Scale (CES-D), 36 the Trait subscale of the State-Trait Anxiety Inventory (STAI), 37 and Adult ADHD Self-Report Scale (ASRS part A). 38 
IAT
In this study, we used the Japanese version of the IAT (JIAT; α = 0.93). 39 The Severity Impairment Index defined by Young is as follows: Severe (70-100; i.e., 'Your Internet usage is causing significant problems in your life. You should evaluate the impact of the Internet on your life and address the problems directly caused by your Internet usage.'); Moderate (40-69 points; i.e., 'You are experiencing occasional or frequent problems because of the Internet. You should consider their full impact on your life.'); and Mild (20-39 points; i.e., 'An average online user. You may surf the Web a bit too long at times, but you have control over your usage.'). In this study, we defined subjects with an IAT ≥ 40 as the PIU group and those with an IAT ≤ 39 as the non-PIU group, as similarly defined in some previous studies. [17] [18] [19] 25, 28, 40 
PSQI
We used the PSQI, an 18-item questionnaire that measures habitual sleep quality over the previous month. It is comprised of seven subscales (i.e., Subjective Sleep Quality, Sleep Latency, Sleep Duration, Habitual Sleep Efficiency, Sleep Disturbance, Use of Sleeping Medications, Daytime Dysfunction). Each subscale has a possible score between 0 and 3 (the global score ranges 0-21; higher scores indicate more sleep disturbance). 35 In this study, we used the Japanese version of the PSQI (α = 0.77). 41 
CES-D
The CES-D is a 20-item questionnaire that assesses depressive symptoms (scores range from 0 to 60). 42 A score of 16 or higher has generally been used to indicate clinical depressive state. 43, 44 In this study, we used the Japanese version of the CES-D (α = 0.71). 45 
STAI
In this study, we used the Japanese version of the STAI (α = 0.87 for State, α = 0.85 for Trait). 46 The STAI is a 40-item questionnaire that assesses anxiety. This scale is comprised of two separate subscales measuring State and Trait anxiety, respectively. 46 Each subscale includes 20-items, with scores ranging between 20 and 80 each. 'State anxiety' as it is used in our study refers to how individuals feel 'at the moment,' whereas 'trait anxiety' refers to how they 'generally feel. ' 
ASRS
The ASRS is a questionnaire that was created as a screening tool for ADHD by the World Health Organization and ADHD experts. The ASRS is an instrument consisting of the 18 DSM-IV-TR criteria. The questionnaire is comprised of two parts: Part A and Part B. Part A contains six of the 18 questions that were found to be the most predictive of symptoms consistent with ADHD (sensitivity = 68.7%, specificity = 99.5%). 38 Part B contains the remaining 12 questions. In this study, we used Part A only.
Statistical analyses
Sociodemographic and diagnostic characteristics, along with the assessment scale scores of the PIU group, were compared with those of the non-PIU group. Distributions of all variables were inspected using histograms, q-q plots, and Shapiro-Wilks tests before conducting statistical analyses. Differences in patient characteristics between groups were examined using the t-test. Bonferroni correction was carried out in order to take multiple comparisons into account. To determine the best predictive model for PIU via psychiatric symptoms and demographic characteristics, we conducted a multivariate logistic regression analysis with a stepwise backward elimination model selection method. The existence of ADHD, depressive state, anxiety, and sleep disorder symptoms, as well as age and sex, were considered as potential predictors in the model selection method. We defined having ADHD as demonstrating four out of six ADHD symptoms as described by the ASRS; depressive state as total CESD score of ≥16; anxiety disorder as total STAI score of ≥42; and sleep disorder as PSQI score of ≥6. All statistical analyses were performed using SPSS 23 (SPSS, Chicago, IL, USA).
RESULTS
The original sample included 1336 participants, but 78 were excluded due to the omission of required data. Thus, the final sample included 1258 participants (male 544/1258; mean age AE SD = 19.3 AE1.1 years).
The participants' mean (AE SD) IAT score was 37.87 (AE 12.59); and 38.2% of participants were classified as PIU and 61.8% as non-PIU. Further classification of participants was as follows: 54.3% had poor sleep quality (PSQI ≥ 6), 17.4% had ADHD tendencies (ASRS ≥ 4/6), 42.6% had depressive state (CES-D ≥ 16), and 70.7% had anxiety (STAI-T ≥ 42). Table 1 shows the relation between PIU and sleep, depressive state, ADHD, anxiety, and Internet usage time. The PIU group used the Internet longer, had a higher percentage of young women, significantly lower sleep quality, stronger ADHD tendencies, higher Depressive State scores, and higher TraitAnxiety scores compared to the non-PIU group.
Based on multiple logistic regression analyses ( 
DISCUSSION
To date, there have been few studies targeting Japanese young adults and PIU. This research is so far the largest study targeting young adults in Japan and investigating the relations between multiple psychiatric symptoms and PIU. The prevalence of PIU was 38.2% (as shown by IAT scores ≥ 40). The prevalence was higher for women than for men. There were also significant relations between Internet dependence and ADHD, depressive state, anxiety, sleep disorders, and Internet use time.
The prevalence of PIU has been reported across various countries and various populations. The university students targeted in this study had a PIU prevalence rate of 38.2%. The prevalence rates among university students around the world are reported to be 36.9% in Malaysian medical students, 15 16 .8% in American medical students, 16 25 .1% in American public university students, 17 and 40.7% in Iranian university students. 18 Although the prevalence rates seem to vary across countries and populations, this may be partially due to the differences in cut-off scores that studies have adopted (the studies utilized IAT cut-off scores of ≥ 43, 50, 40, and 40, respectively). We adopted an IAT cut-off score of 40, and we consider our results to be similar to those of other countries' university students. Another study from Japan that targeted university students found PIU prevalence to be as high as 63.5%. 19 This is presumably because the study recruited subjects via social networking services (SNS) in a single city, and therefore selection bias may have existed.
In contrast to PIU prevalence rates among young adults, the PIU prevalence rate tends to be lower when the targeted population is younger. PIU prevalence among adolescents is reported to be 1.0-9.0% in Europe, 1.0-12.0% in the Middle East, and 2.0-18.0% in Asia. 13 According to a previous report from Japan that targeted a teenage population, the estimated prevalence of PIU was 6.2% among male adolescents and 9.7% among female adolescents, 47 indicating that a prevalence tendency similar to that seen in other countries is found in Japan as well. Thus, we may be able to say that PIU prevalence in Japan in similar to that of other Asian countries; however, caution is required because the prevalence rates vary depending on the cut-off value of the PIU scale and the investigation method.
One interesting finding from our data is that the prevalence of PIU was trend-level higher in young women than in young men, whereas most of the reported female prevalence in other countries is smaller. This result was similar to the result of Mihara et al. 48 and Morioka et al. 14 for junior high and high school students in Japan. Tateno et al. showed that more men use the Internet for games, whereas more women use the internet for SNS, such as Facebook, Twitter, and LINE. 19 They speculate © 2018 The Author Psychiatry and Clinical Neurosciences © 2018 Japanese Society of Psychiatry and Neurology that some Japanese men have interpersonal fear tendencies characterized by prolonged social withdrawal and such people may not use SNS and may avoid social interaction. 19 Marino et al. showed that young people are associated with low extroversion and problematic Facebook use. 49 As current communication tools require access to the Internet, women who use SNS more may have a higher prevalence of PIU. 49 Regarding psychiatric symptoms, our survey results were not much different from the survey results of other countries. In the previous studies, depressive state, anxiety, insomnia, and ADHD were found to be related to PIU. 16, [22] [23] [24] [25] 29 In our population as well, PIU was associated with such disease symptoms. We found that the rate for ADHD symptoms assessed by ASRS was the highest (OR = 2.70), followed by sleep symptoms assessed by the PSQI (OR = 1.52), depressive symptoms by the CESD (OR = 2.23), and Trait-Anxiety symptoms by the STAI (OR = 1.43). Regarding depressive state, Tang et al. described that along with the deterioration of interpersonal relationships and social function, students with PIU may present loss of self-confidence and social withdrawal, in association with depression. 24 Regarding anxiety, greater use of the Internet is related to declines in the size of one's social circle, loneliness, 50 lower self-esteem, and lower life satisfaction. 51 Baloǧlu et al. suggest that as levels of social anxiety increase and people spend less time in real-life relationships and more time on the Internet, their risk of developing PIU becomes greater. 52 Many studies have shown a relation between PIU and ADHD. [53] [54] [55] Regardless of PIU, many reports indicate that ADHD is related to behavior dependence, such as substance-related dependence and gambling dependence. [56] [57] [58] Behavioral features of ADHD symptoms are said to be lack of selfcontrol, 31, 55 and it is fair to consider that such symptoms can lead to PIU. However, based on these observational studies, it is hard to understand the causal relationship of PIU and the aforementioned psychiatric symptoms. Longitudinal, prospective studies are required to evaluate the causal mechanisms of comorbidity of depressive state and PIU. 59, 60 In this study, it was also found that sleep variables, such as sleep onset, sleep latency, sleeping time, and sleep quality, were related to Internet dependency, with similar results reported in the past. 16 This may be directly related to the fact that young adults' sleep is disturbed because they use the Internet in bed and this negatively impacts their sleeping time. 61 In addition, based on recent studies on melatonin, the blue light emitted from a display such as a smartphone may play some role in sleep disturbance by altering melatonin. 62 Moreover, we found that smartphones, when used in bed, are placed closer to subjects' faces compared to other times of use, so any effects caused by the blue light may be stronger in that position. 63 Furthermore, in research that examined Internet dependence over different years in the same region and with the same age group, the prevalence of PIU was found to be higher in newer surveys. 64 Increased accessibility to the Internet and commercial development of attractive devices and applications will likely continue to increase PIU scores in the future.
The limitations of this study were as follows. First, as this is a survey, we were not able to directly measure the subjects' time spent using the Internet. In addition, assessments for ADHD, sleep, and depressive state were all done via self-rating scales. There are inherent difficulties in such surveys, but in the future some form of objective measurement, such as utilizing PC or smartphone applications, as well as clinical interviews, may solve such limitations. Second, we were able to include five universities in Japan. However, four of those universities are located in urban areas and one is located in a rural area; therefore selection bias exists. Moreover, the participants in the survey may have included a biased population who are more interested in problems related to Internet use. Third, this research did not investigate the content of the subjects' Internet use. We do not know which games, SNS, or other browsing habits are included in the subjects' Internet use that could alter their Internet dependence or habits significantly. Fourth, this study found a correlation between PIU and psychiatric symptoms, but causality is unknown. Fifth, the IAT was developed about two decades ago under conditions where Internet access was limited, and therefore the cut-off values of IAT 40 might be inappropriate to define 'problematic' Internet use now. As the IAT includes questions regarding dysfunctionality associated with Internet use (such as 'How often do your job performance or productivity suffer because of the internet?'), we considered IAT to still be usable today, in addition to the fact that many studies to date have used the scale. [16] [17] [18] [19] 24, 25, 28, 34, 40, 65, 66 However, we believe that the invention of a new scale to better fit modern Internet use is required in the near future.
In summary, we found a high prevalence of PIU among Japanese young adults. Multiple psychiatric symptoms were found to be related to PIU, such as ADHD, poor sleep quality, and depressive state. Future studies may need to utilize more objective measures to assess PIU and broaden the study population. Research examining biological processes, including melatonin secretion, and longitudinal assessment to scrutinize the cause-effect of psychiatric diseases related to PIU are also required in the future.
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